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Nicotine has been found to improve memory performance in a variety of studies (for 
review see ref. 1), Although this effect is not universally seen, studies have found 
nicotine to improve memory function in rats, monkeys, and humans. Improvements 
have been found in normal adults, but also in aged subjects and those with brain 
lesions. The neural bases for this effect is an active topic of study. Nicotine effects 
may critically involve interactions with other transmitter systems. We found impor¬ 
tant interactions of nicotinic systems with dopaminergic systems with regard to 
working memory performance in the radial-arm maze (RAM). 

Nicotine has been found to promote the release of a wide variety of transmitters 
including dopamine (DA). 2 Nicotinic receptors are well represented in the midbrain 
dopamine nuclei, the substantia nigra (SN) and ventral tegmental area (VTA). 3-5 
Acute nicotine administration increases the activity of DA cells in the substantia 
nigra and ventral tegmental area and promotes DA release in the striatum, 6-11 
whereas nicotinic antagonist administration has been found to inhibit DA release 
from both striatal and mesolimbic structures. 12 - 13 However,, with chronic administra¬ 
tion nicotine-induced DA release becomes diminished. 14 There may even be some 
reversal of the effect, given that chronic nicotine administration has been found to 
increase DA receptor binding in the nucleus accumbens. 15 Nicotinic-D A interactions 
have been found in a variety of neurobehavioral studies. 16 The evidence from o.ur 
laboratory concerning the importance of nicotine interactions with DA systems with 
regard to working memory function is the focus of this paper. Differences in 
nicotinic-DA relationships with acute and chronic nicotine treatment are discussed. 


ACUTE MECAMYLAMINE STUDIES 

The nicotinic antagonist mecamylamine has significant interactions with both 
dopaminergic agonists and antagonists with regard to working memory performance 
in the radial-arm maze. In six different studies we found that a high dose of 10 mg/kg 
of mecamylamine significantly impairs choice accuracy in the win-shift version of the 
radial-arm maze test. 17-22 This mecamylamine-induced deficit is reversed by the 
D 2 /D 3 DA agonist quinpirole (Fig. 1), but not by a D t agonist SKF 38393. 18 A lower 
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FIGURE I. Reversal of the mecamylamme-induced radial-arm maze choice accuracy impair¬ 
ment with the D 2 /D 3 agonist quinpirole (mean ± SEM). Mec = 10 mg/kg. mecamylamine, 
SKF =• 3 mg/kg SKF 38393, Quin = 0.05 mg/kg quinpirole (LY 171555). *p < 0.05 Mec versus 
Mec + Quin . 18 


dose of 2.5 mg/kg of mecamylamine’ does not by itself cause a deficit in radial-arm 
maze choice accuracy, but it does cause a significant choice accuracy deficit when 
given in conjunction with a low dose of the muscarinic antagonist scopolamine (0.05 
mg/kg), which by itself does not cause a significant choice accuracy deficit. 1 - 9 - 20 This 
combined mecamylamine-scopolamine-induced deficit is also reversed by the D 2 /D 3 
agonist quinpirole. 20 

The opposite relationship is seen between mecamylamine and DA antagonists. A 
significant deficit can be elicited by a combination of the subthreshold dose of 
mecamylamine (2.5 mg/kg) and the mixed antagonist haloperidol. 22 The 

specific D 2 antagonist raclopride has the same .effect of potentiating the mecamvi- 
amine-induced deficit, whereas addition of the antagonist SCH 23390 to this dose 
of mecamylamine has no significant effect. 23 Thus, D 2 receptors appear to have a 
consistent interaction, with the nicotinic antagonist mecamylamine, with an agonist 
reversing the mecamylamine-induced memory deficit and an antagonist potentiating 
it. In contrast, Di receptors appear to have little interactive effect with mecamyl¬ 
amine. 


ACUTE NICOTINE STUDIES 

In several studies, we found that acute administration of 0.2 mg/kg of nicotine 
significantly improves working memory performance in the radial-arm maze. 24 " 26 
This acute nicotine-induced improvement in choice accuracy is reversed by concur¬ 
rent acute administration of the nicotinic antagonist mecamylamine or the musca¬ 
rinic antagonist scopolamine. 25 The acute nicotine effect is not as robust as the 
chronic nicotine effect. In some experiments significant improvements were not seen 
with the 0.2 mg/kg dose when given alone. However, when the positive effects of 
acute nicotine are less obvious, they can be mademore apparent by co-administra- 
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tion of dopaminergic agonists. The DJD 2 agonist pergolide 27 and the D 2 /P 3 agonist 
quinpirole 26 (Fig. 2) both have mutually potentiating effects when given together 
with acute doses of 0.2 mg/kg of nicotine. Interestingly, we recently found that this 
dose of nicotine is effective in attenuating a choice accuracy deficit elicited by the D x 
agonist SKF38393. 26 Thus, like the nicotinic antagonist mecamylamine, nicotine has 
significant interactions with dopaminergic drugs. The receptor subtype breakdown is 
not as clear with nicotine as it is with mecamylamine. As expected, nicotine had a 
mutually potentiating effect with quinpirole, which effectively reversed the mecamyl- 
amine-induced deficit. However, a significant interaction of nicotine with the D t 
agonist SKF 38393 was also found, which did not have a significant interaction with 
mecamylamine. 


ACUTE LOCAL INFUSION STUDIES 


Recently we began a series of studies of the effects of nicotinic drugs infused into 
the ventricles and local brain regions which are the sources or targets of DA systems. 
Intracerebroventricular (i.c.v.) infusion of nicotine significantly improved choice 
accuracy performance in rats with little training on the radial-arm maze. In rats 
trained to high levels of performance no such improvement was detected. However, 
in this set of rats nicotine was effective in reversing the impairment in performance 
caused by i.c.v. infusion of the nicotinic antagonist mecamylamine.? 8 

Our initial study 29 examined the effects of local infusions of nicotinic agonist and 
antagonist drugs into the SN and VTA Mecamylamine infused into either the SN or 



□ Control 
H Nicotine, 


FIGURE 2 . Additive effects of nicotine-induced radial-arm maze choice accuracy improve¬ 
ment with the effect of the D 2 /D 3 agonist quinpirole and attenuation of the deficit caused bv the 
Dj agonist SKF 38393 (mean ± SEM ). 26 
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VTA significantly impaired choice accuracy in the radial-arm maze. Interestingly, 
both-nicotine and the nicotinic agonist cytisine also showed signs of impairing choice 
accuracy. This may have been due to the local high concentrations causing desensiti¬ 
zation, depolarization blockade or excessive stimulation of the nicotinic receptors in 
these areas. The results of the combination nicotine-mecamylamine experiment 
suggest that this may be true. Mecamyiamine was effective in significantly reducing 
the nicotine-induced deficit (FlG. 3). In this same study we did not find any evidence 
of effects of local infusions, of the muscarinic antagonist scopolamine or the musca¬ 
rinic agonist pilocarpine. 


CHRONIC SYSTEMIC STUDIES 

We conducted seven different experiments examining the effect of chronic 
subcutaneous infusion of nicotine (approximately 12 mg/kg/day) via a glass and 
Silastic pellet or an osmotic minipump. We consistently found that chronic nicotine 
administration significantly improves memory performance in the radial-arm maze 
(FlG; 4). 2UO_33 This effect is reversed by concurrent administration of chronic 
mecamyiamine. 32 Acute challenge with mecamyiamine during the course of chronic 
nicotine causes an overall decline in choice accuracy in control and nicotine groups. 
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but the enhanced performance of the nicotine group relative to controls is pre- 
served . 21 In contrast, we found that acute administration with the muscarinic 
acetylcholine antagonist scopolamine eliminated the chronic nicotine-induced im¬ 
provement in choice accuracy. 

We have not found concurrent manipulations of D 2 DA receptors to affect 
significantly the chronic nicotine-induced improvement in choice accuracy. Chronic 
concurrent administration of either the D 2 agonist quinpiroie or the D 2 antagonist 
raciopride had no discernible effect on the chronic nicotine-induced improvement of 
choice accuracy. Acute challenge with a range of doses of quinpiroie likewise had no 
significant effect on the chronic nicotine-induced improvement in radial-arm maze 
choice accuracy. This stands in contrast to the significant interactions we saw 
between acute nicotine and quinpiroie, 26 as well as the significant interactions 
between acute mecamylamine and both quinpiroie and raciopride. 18 - 23 


LESION STUDIES 

Chronic nicotine administration is effective in reversing the radial-arm maze 
working memory impairments caused by knife-cut lesions of the medial basalocorti- 
cal projection or the fimbria-fornix, which connects the. septum with the hippocam¬ 
pus. This points to the possible therapeutic use of chronic nicotine, but it also gives 
important information concerning the critical neural substrates for the chronic= 
nicotine-induced improvement. Apparently, neither of these pathways is necessary 
for the chrqnic nicotine effects inasmuch as the effect was still seen in the lesioned 
rats. It may be the case that at least one of the lesioned. pathways must be intact for 
the chronic nicotine-induced memory improvement or, alternatively, other pathways . 



Nicotine Withdrawal 

/ . ; . Week 

FIGURE 4. Effects of chronic nicotine administration (SC infusions of approximately 12 
mg/kg/day) on choice accuracy in the radial-arm maze, averaged over seven experiments 
(mean ± SEM). During administration of nicotine: Control n — 60, nicotine n 63; after 
withdrawal: Control n = 51, nicotine/* ~ 54. ¥ p < 0.01, **p < 0.001 control versus nicotine. 
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may subserve the nicotine effect. Interestingly, similar to the therapeutic effect of 
chronic nicotine, repeated doses of quinpirole also are effective in attenuating the 
radial-arm maze working memory deficit caused by knife-cut lesions of the medial 
basalocortical projection . 34 However, simple similarity of effect does not imply 
common mechanisms of action. 


CONCLUSIONS 

Nicotinic systems have direct interactions with dopaminergic systems which are 
important for the acute effects of nicotinic agonist and antagonist manipulations. D 2 
receptors seem to be particularly important in this regard. In contrast, chronic 
nicotine-induced working memory improvement in the radial-arm maze seems to be 
relatively impervious to concurrent D 2 agonist or antagonist manipulations. The 
improvement is still seen after lesions to the basalocortical or septohippocampal 
pathways. Chronic mecamylamine co-administration does prevent the nicotine- 
induced improvement, but acute mecamylamine challenge does not reverse it. The 
only other manipulation we found to reverse the chronic nicotine-induced memory 
improvement is acute challenge with the muscarinic antagonist scopolamine. Nico¬ 
tinic stimulation is necessary for the induction of the effect but not for the expression 
of it In contrast, muscarinic stimulation may be necessary for the expression of the 
chronic nicotine-induced memory improvement. 

Both acute and chronic nicotine administration improve memory performance in 
the win-shift working memory radial-arm maze task. The involvement of interactions 
with dopaminergic systems seems to be different for each. 


SUMMARY 

Nicotine has been found to improve memory performance in a variety of tests in 
rats, monkeys, and humans. Interactions of nicotinic systems with dopamine (DA) 
systems may be important for this effect. We conducted a series of studies Of nicotinic 
agonist and antagonist interactions with DA systems using rats in a win-shift working 
memory task in the radial-arm maze. The working, memory deficit caused by the 
nicotinic antagonist mecamylamine,was potentiated by the Di/D 2 DA antagonist 
haloperidol and the specific D 2 antagonist raclopride. In contrast, the mecamyiamine- 
induced deficit was reversed by co-administration of the D 2 /D 3 agonist quinpirole. 
Nicotine also has significant interactions with dopamine drugs with regard to 
working memory performance in the radial-arm maze. The DA agonist pergolide did 
not by itself improve radial-arm maze memory performance, but when given together 
with nicotine it produced an elevated dose-dependent increase in choice accuracy. 
The Di agonist SKF 38393 significantly impaired radial-arm maze choice accuracy. 
Nicotine was effective in reversing this deficit. When given together with nicotine, the 
D 2 /D 3 agonist quinpirole improved RAM choice accuracy relative to either drug 
alone. Acute local infusion of mecamylamine to the,midbrain DA nuclei effectively 
impairs working memory function in the radial-arm maze. In contrast to acute 
nicotinic manipulations, considerably less evidence exists that the effects of chronic 
nicotine administration are influenced by D A systems. This may be an example of the 
different neural substrates that underlie the memory improvement caused by acute 
and chronic nicotine. 


Source: https://www.industryd6cuments.ucsf.edu/docs/rrvb0000 






LEVIN & ROSE: NICOTINIC-DA INTERACTIONS AND COGNITION 25 i 

ACKNOWLEDGMENTS 

The authors would like to thank Sandra Briggs and Channelle Christopher for 
their help in performing these studies. 


REFERENCES 

1 Levin, E. D. 1992. Nicotinic systems arid cognitive function. Psvchopharmacology 108: 417- 
431, 

2. .Wonnacott, S., 5. Irons, C. Rapier, B. Thorne & G. G. Lunt. 1989. Presynaptic 

modulation of transmitter release by nicotinic receptors. In Progress in Brain Research. 
A. Nordberg, K. Fuxe, B. Holmstedt & A. Sundwallv Eds.: 157-163. Elsevier Science 
Publishers, Amsterdam. 

3. Clarke, P. B. S. & A. Pert. 1985. Autoradiographic evidence for nicotine receptors on 

nigrostriatal and mesolimbic dopaminergic neurons. Brain Res. 348: 355-358. 

4. Clarke, P. B. S., C. B. Pert & A. Pert. 1984. Autoradiographic distribution of nicotine 

receptors in rat brain. Brain Res. 323: 390-395. 

5. Schwartz, R. D., J. Lehmann & K. J. Kellar. 1984. Presynaptic nicotinic cholinergic 

receptors labeled by ( 3 H)acety!choline on catecholamine and serotonin axons, in brain. 
J. Neurochem. 42: 1495-1498. . 

6 . Clarke, P. B. S., D. W. Hommer, A. Pert & L. R. Skirboll. 1985. Electrophysiological 

actions of nicotine on substantia nigra single units. Br. J. Pharmacol. 85: 827-835. 

7. Grenhoff, J., G. Aston-Jones & T. H. Svensson. 1986., Nicotinic effects on the firing 

pattern of midbrain dopamine neurons. Acta Physiol. Scand. 128: 151-158. 

8. Imperato, A., A Mulas & G. Dt Chiara. 1986. Nicotine preferentially stimulates 

dopamine release in the limbic svstem of freely moving rats. Eur. J. Pharmacol. 
132: 337-338. 

9. Lichtensteiger, W., F. Hefti, D. Felix, T. Huwyler. E. Melamed & M. Schlumpf. 

1982. Stimulation of nigrostriatal dopamine neurons by nicotine. Neuropharmacology 
21 : 963-968. 

10. Meru, G., K. P. Yoon, V. Boi, G. L. Gessa, L. Naes & T. C. Westfall. 1987. 

Preferential stimulation of ventral tegmental area dopaminergic neurons by nicotine. 
Eur. J. Pharmacol. 141: 395-399. 

11. Rapier, C., G. G. Lunt & S. Wonnacott. 1988. Stereoselective nicotine-induced release 

of dopamine from striatal synaptosomes: Concentration dependence and repetitive 
stimulation. J. Neurochem. 50: 1123-1130. 

12. -Ahtee, L. & S. Kaakkola. 1978. Effect of mecamylamine on the fate of dopamine in 

striatal and mesolimbic areas of rat brain: Interaction with morphine and haloperidol. 
Br. J. Pharmacol. 62: 213-218. 

13. Haikala, H. & L. Ahtee. 1988. Antagonism of the nicotine-induced changes of the 

striatal dopamine metabolism in mice by mecamylamine and pempidine. Naunyn- 
Schmiedbergs Arch. Pharmakol. 338: 169-173.. 

14. Lapin, E. P., H. S. Maker, H. Sershen & A. Lajtha. 1989. Action of nicotine on 

accumbens dopamine and attenuation with repeated administration. Eur. J. Pharma¬ 
col. 160: 53-59. 

15. Reilly, M. A., E. P. Lapin, H. S. Maker & A. Lajtha. 1987. Chronic nicotine 

administration increases binding of [ 3 H]domperidone in rat nucleus accumbens. J. 
Neurosci. Res. 18: 621-625. 

16. Levin, E. D. & J. E. Rose. 1992. Cognitive effects of D { and D: interactions with nicotinic 

and muscarinic systems. In Neurotransmitter Interactions and Cognitive Function. 
E. D. Levin, M. W. Decker & L.L. Butcher, Eds.: 144-158. Berkhauser. Boston, MA. 

17. Levin, E. D., M. Castonguay & G. D. Ellison. 1987. Effects of the nicotinic receptor 

blocker, mecamylamine, on radial arm maze performance in rats. Behav. Neural Biol. 
48:206-212. - - 

18. Levin, E. D., S. R. McGurk, J. E. Rose & L. L. Butcher. 1989. Reversal of a 


e: https://www.industrydocuments.ucsf,e.du/docs/rrvbOOOO 





252 


ANNALS NEW YORK ACADEMY OF SCIENCES 

mecamylamine-induced cognitive deficit with the D 2 agonist, LY 171555. Pharmacol. 
Biochem. Behav. 33: 919-922. 

19. Levin, E. D., S. R. McGurk* D. South Sc L. L. Butcher. 1989. Effects of combined 

muscarinic and nicotinic blockade on choice accuracy in the radial-arm maze. Behav. 
Neural Biol. 51: 270-277. 

20. Levin, E. D., J. E. Rose, S. R. McGurk & L. L. Butcher. 1990. Characterization of the 

cognitive effects of combined muscarinic and nicotinic blockade. Behav. Neural Biol, 
53: .103-112. 

21. Levin, E. D. Sc J. E. Rose. 1990. Anticholinergic sensitivity following chronic, nicotine 

administration as measured by radial-arm maze performance in rats. Behav. Pharma¬ 
col. 1: 511-520. 

22. McGurk, S. R., E. D. Levin & L. L. Butcher. 1989. Nicotinic-dopaminergic relation¬ 

ships and radial-arm maze performance in rats. Behav. Neural Biol. 52: 78-86'. 

23. McGurk, S. R., E. D. Levin Sc L. L. Butcher. 1989. Radial-arm maze performance in 

rats is impaired by a combination of nicotinic-cholinergic and D 2 doparninergic drugs. 
Psychopharmacology 99: 371-373. 

24.. Levin, E. D., J. E. Rose Sc L. Abood. 1995. Effects of nicotinic dimethylaminoethyl esters 
on working memory performance of rats in the radial-arm maze. Pharmacol. Biochem. 
Behav. In Press. 

25. Levin, E. D. & J. E. Rose. 1991. Nicotinic and muscarinic interactions and choice 

accuracy in the radial-arm maze. Brain Res. Bull. 27:125-128. 

26. Levin, E. D. 8c B. Eisner. 1994. Nicotine interactions with D\ and D 2 agonists: Effects on 

working memory function. Drug Dev. Res. 31: 32-37. 

27. Levin, E. D. 1995.. Interactive effects of nicotinic and muscarinic agonists with the 

dopaminergic agonist pergolide on rats in the radial-arm maze. Pharmacol. Biochem. 
Behav. Submitted. 

28. Brucato, F. H., E. D. Levin, J. E. Rose & H. S. Swartzwelder. 1994. Intracerebroven- 

tricular nicotine and mecamylamine alter radial-arm maze performance in rats. Drug 
Dev. Res. 31:18-23. 

29. Levin, E. D., S. J. Briggs, N. C. Christopher Sc J. T. Auman. 1994. Working memory 

performance and cholinergic effects in the ventral tegmental area and substantia nigra. 
Brain Res. 657: 165-170. 

30. Levin, E. D„ C. Lee, J. E. Rose, A. Reyes, G. Ellison, M. Jarvik Sc E. Gritz. 1990. 

Chronic nicotine and withdrawal effects on radial-arm maze performance in rats. 
Behav. Neural Biol. 53: 269-276. 

31. Levin, E. D., S. J. Briggs, ;N. C. Christopher Sc J. E. Rose. 1992. Persistence of chronic 

nicotine-induced cognitive facilitation. Behav. Neural Biol. 58: 152-158. 

32. Levin, E. D., S. J. Briggs, N. C. Christopher Sc J. E. Rose. 1993. Chronic nicotinic 

stimulation and blockade effects on working memory. Behav. Pharmacol. 4:179-182. 

33. Levin, E. D., N. C. Christopher, S. J. Briggs Sc J. E. Rose. 1993. Chronic nicotine 

reverses working memory deficits caused by lesions of the fimbria or medial basalocorti- 
cal projection. Cognit. Brain Res. 1:137-143. 

34. McGurk, S. R„ E. D. Levin Sc L. L. Butcher. 1992. Dopaminergic drugs reverse the 

impairmentof radial-arm maze performance caused by lesions involving the cholinergic 
medial pathway. Neuroscience 50: 129-135. 





